PRELIMINARY ENVIRONMENTAL ACTION PLAN
FOR A POST CASTRO CUBA!

Alberto Vega and Federico Poey

This paper was prepared to identify some of the pri-
ority areas in which environmental management
must be implemented to facilitate lasting and sus-
tainable economic growth and social development in
Cuba. The goal is to outline the initial effort required
to support the Cuban Government to assess, struc-
ture and implement its environmental management,
when a transition to democracy and market economy
begins. Recognizing the close relationship between a
healthy environment and a prosperous economy, this
paper is an attempt to define the priority actions to
recover environmental quality and to promote a wise
use of natural resources. However, this paper does
not pretend to be exhaustive or cover all possible as-
pects for the restoration of environmental quality in
Cuba. That is a major undertaken that must be the
result of careful and detailed planning effort by an
eclectic team of experts comprising various disci-
plines of the natural and social sciences.

The need to anticipate the nature and extent of an
environmental program for a free Cuba can not be
overemphasized. As has been demonstrated by the
Eastern European countries, during a transition to a
market economy, there exists the danger that market,
policy and institutional failures might impede the
emergence or effective use of environmental control
mechanisms and further allow the deterioration of
environmental conditions. This could happen to Cu-
ba. The process of economic restructuring in other

former socialist states showed the limitations new
governments have in terms of their abilities to fi-
nance environmental projects. Some remedies must
be derived from the experience of other systems in
transition in the former Soviet Union and Eastern
European states.

Therefore, this paper provides a rationale and a gen-
eral background on current environmental condi-
tions in Cuba, identifies key policy flaws and points
out possible environment impacts on specific areas. It
also describes the nature of the program that should
be implemented during the first few (3-5) years after
the return to a free, Western style economic system
and democratic government in Cuba. After a general
background section, some of the most sensitive areas
are pointed out where past and current government
directed policy interventions have led to deteriora-
tion of natural resources and environmental quality,
including:

e Tourism

¢ Surface Water Resources - Rivers and Wetlands
¢ Groundwater Resources

¢ Coastal and Marine Resources

*  Mining Areas

*  Sugar Production

1. This contribution is based on a research paper sponsored by the US-Cuba Business Council. The authors assume full and sole res-
ponsibility for its content. USCBC does not necessarily share or support the viewpoints of the authors.
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¢ Soil Resources
*  Forest Ecosystems
e Hazardous Materials

This article also anticipates future activities that may
lead to further deterioration of renewable natural re-
sources and environmental quality, for those same ar-
eas. This may be of potential importance as invest-
ment from the United States and other Western
democracies takes place primarily derived from gov-
ernment policies and decisions. Present impacts are
usually not economically impaired since they take
place in resource-intensive areas of tourism develop-
ment disregarding ecological safeguards. When cur-
rent restrictive economic limitations are removed,
the natural ecosystems will face larger risks.

On the other hand, the planning section outlines the
nature of the future environmental work that is rec-
ommended in Cuba in support of the sustainable
economic growth and development desired by the
Cuban people and the international community at
large. This planning effort includes the work needed
to:

*  conduct a comprehensive environmental diagno-
sis;
* analyze and adjust legal and institutional policy;

e provide support to improve water supply and
sanitation in small to mid size towns;

* implement an action plan for coastal and marine
management and conservation;

* establish a national watershed management ini-
tiative;

* facilitate efforts for the national management
and conservation of biological diversity and cul-
tural heritage;

* promote environmental improvement of living
conditions in the Metropolitan Havana area;

* implement an environmental education and
awareness campaign; and

* program a series of transitional planning work-

shops.

The estimated cost for said environmental program is
approximately $236 million (M), for a five-year peri-
od. A summary of the cost per component is indicat-
ed in Table 1. Details explaining the rationale behind
these figures are included in the last section of the pa-

per.

The paper also proposes to continue working on the
conceptualization and development of the overall
program in two ways. The first one is a deeper analy-
sis of said components, particularly tourism, in the
north western coast of Cuba, around Varadero. The
second, is a broad effort to look for consensus among
the various environmental concerned groups of the
Cuban and U.S. community through a series of
workshops in selected U.S. cities to further expand
on several of the program components.

Table 1. Estimated Cost of the Cuban
Environmental Program

No. Description Cost $
1 Comprehensive Environmental Diagnosis 6,000,000
2 Institutional, Legal and Policy Analysis

and Support 17,500,000
3  Water Supply and Sanitation. Phase I. 125,000,000
4 Coastal and Marine Management and

Conservation 22,000,000
5  National Watershed Management 27,000,000
6  National Management and Conservation

of Biological Diversity and Cultural

Heritage 12,000,000
7 Environmental Improvement of the

Metropolitan Havana Area 23,000,000
8  Environmental Education and Awareness

Campaign 3,500,000

TOTAL 236,000,000
BACKGROUND

Cuba is an archipelago, part of the West Indies in the
Caribbean Antilles, composed of the island of Cuba
and about 1600 smaller islands and cays, with a total
population of about 12 million people. Most cays
and islets are low lying and uninhabited. Cuba is the
largest and western-most of the Greater Antilles and
lies strategically between Florida and the Yucatan
Peninsula. The island of Cuba is the 15¢h largest is-
land in the world, with a total surface area of
104,945 sq km, 1250 km long and 191 km wide at
its widest point. Cuba also lays claim to the 220 sq
km Isla de la Juventud. Havana is less than 150 km
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from Florida’s Key West, in the United States, and
Pinar del Rio Province is 210 km from Mexico’s
Yucatan Peninsula. Cuba’s other close neighbors are
Jamaica, the Bahamas and Haiti, with the latter only
77 km away across the Windward Passage.

General Environmental Conditions

Much of Cuba is made up of fertile flatlands, where
cattle are grazed and sugarcane, coffee, grain, tobacco
and other horticultural crops are grown. The Orien-
tal, Central and Occidental mountain ranges cover
25% of the country, the highest point being Pico
Turquino (1972 m). Cuba’s longest river, the 343
km Rio Cauto, is barely navigable, even for small
boats. The North American and Caribbean tectonic
plates? meet in the 7200 m deep Cayman Trench be-
tween Jamaica and Cuba, and the region is thus
prone to earthquakes.

There are more than 6000 plant species in Cuba,
around half of which are endemic. The well known
royal palm (Roystonia regia) is represented on the
country’s coat of arms; there are said to be 20 million
palms in Cuba. Cuba’s other flora includes the rare
and prehistoric cork palm (Microcycas calocoma), a
throwback to the Cretaceous period; the jagiiey, a fig
tree which has aerial roots; the palma barrigona (big
belly palm); the ceiba, the sacred silk-cotton tree; and
the mariposa (butterfly jasmine), the white national
flower. Much of the southern coast has mangrove
swamps that support small fish and bird life while the
majority of the northern coast is bordered by sandy
beaches.

Cuba’s most abundant land fauna is reptilian, and
includes crocodiles, iguanas, lizards, salamanders,
turtles and 15 species of nonpoisonous snakes. The
largest land mammal is the jutia (Capromys), a tree
rat which grows to about 60 c¢m in length. The
world’s smallest bird comes from Cuba: the bee
hummingbird, or zunzuncito (Mellisuga helenae), is
just bigger than a grasshopper and weighs only two
grams. The rocororo (Priotelus temnuros) is dubbed

Cuba’s national bird due to its red, white and blue
plumage — the colors of the Cuban flag.

There are no great differences in seasonal tempera-
ture in Cuba, its pleasant subtropical climate being
augmented by the gentle northeasterly trade winds.
The wet summer season is between May and Octo-
ber, and the drier winter season runs from November
through April. The average temperature reaches
27°C (81°F) in July and August and 22°C (72°F) in
February. An average of 80% humidity exists all year
round.

Effect of Recent Political Events

The most important political event in recent Cuban
history was the revolution that led to Castro’s mili-
tary alliance with the Soviet Union and Warsaw Pact
that substituted pre-1959 intense and close trade
with the United States. For the first 30 years of the
revolution, this geopolitical, economic and philo-
sophical shift reduced trade with the United States
that was offset by large economic subsidies from the
former Soviet Union and by favorable trading rela-
tions with the members of the former Soviet Bloc

(COMECON).

Between the early 1960s and the late 1980s the envi-
ronmental situation worsened despite Cuba’s achiev-
ing one of the lowest population growth rates in the
world and reducing extreme living standard differen-
tials in rural areas, two of the primary reasons often
blamed for environmental deterioration in develop-
ing countries. The government’s approach was to
“conquer nature” and under its central planning ap-
proach, it did not take local circumstances into con-
sideration. This disregard for the environmental con-
sequences of development projects continues to this
day despite official allegations to the contrary—as the
country pursues an economic survival strategy based
on the crash development of the tourist sector and
exploitation of natural resources.

Therefore, the concept that environmental disrup-
tion was not supposed to occur under socialism since

2. Tectonic plates are the geologic masses of the earth that are in constant movement and that are responsible for the displacement of

the earth’s continents. At the meeting point one of the plates goes under the other causing a deepening of the earth’s crust and releasing

energy responsible for earthquakes and other telluric phenomena.
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it was guided by scientific policies, and could only
beget environmentally benign economic develop-
ment, is not true. In reality, the socialist environmen-
tal record proved to be far different from the utopian
view and it is now perceived that the environmental
legacy of socialism will present serious challenges to
future Cuban generations. In the next section, are a
few examples of the abuses that the totalitarian re-
gime has carried out in the country.

The collapse of communism and its favorable eco-
nomic arrangements and subsidies from the COME-
CON countries to Cuba in 1989 led to greatly in-
creased economic hardships and rising international
debt. This economic situation translated in increas-
ing pressure on the natural systems (indigenous re-
sources) within the country. Table 2 compares key
Cuban economic statistics before and after the end of
the former Soviet Union. By 1999, the economic sit-
uation seemed to have improved somewhat although
official figures are elusive. The dramatic drop off in
subsidized oil imports from the Soviet Bloc has been
partially offset by renewed imports of oil, mainly
from Venezuela and Mexico

Table 2. Key Economic Statistics

for Cuba in 1989 and 1994
Indicator 1989 1994
GDP ($ Million) 32,700 18,600
Exports ($ Million) 5,400 1,700
Sugar Harvest (Million Tons) 8 4
Nickel Production (Thousand tons) 35 22

Foreign Tourists 340,000 600,000

Cuba’s determination to permit foreign investment is
limited to tourism, joint ventures and very few other
associations in areas of the economy principally relat-
ed to nickel, oil and telecommunications. These part-
nerships reflect Cuba’s eagerness to join the world’s
economy, to acquire some of the badly needed hard
currencies. However, this expansion does not reflect
either the conceptual/theoretical or practical meth-
odology used in Cuba in its totalitarian approach.
New foreign investment regulations promulgated in
1995 were designed to encourage foreign entities to
include joint ventures, cooperative production agree-
ments and autonomous enterprises in partnership
with the Cuban Government. European countries,

Canada, and Mexico are the main economies taking
advantage of the opportunities in Cuba at this time.

With sugar production declining, the Cuban govern-
ment is encouraging investment in tourism as a way
to increase foreign exchange and to boost production
in other sectors of the Cuban economy—mainly
food and building materials. Most of the growth,
however, has been in the tourism sector. This sector
grew by over 14% in 1994. Growth of 8.5% in non-
sugar related industrial production helped the Cuban
economy grow overall by about 1% in 1994.

Nowadays, Cuban authorities are promoting a great-
er dialog on environmental issues. For example, a
conference was held in January 2000 to investigate
the use of environmental accounting to evaluate
overall environmental policy and development, with
participants from the Center for Environmental Poli-
cy of the University of Florida. The main areas of
discussion included the most pressing environmental
concerns in Cuba and included: tourism, coastal ar-
eas, wetlands and hydrological systems, forest sys-
tems, urban area environmental problems and use of
sugar and mineral resources for trade initiatives. Cu-
ban authorities have indicated that sustainability is a
key factor when assessing potential impacts of pro-
posed natural resource development projects. How-
ever, this idea remains an elusive concept. In light of
fuel shortages and decreased imports consumer
goods, Cubans have seen a real decline in living stan-
dards that have had a direct impact on the environ-
ment.

Policy and Institutional Framework

The approach to environmental management from
the Cuban authorities departed from the idealistic
concept that human development in the new society
would not hurt the environment or alter renewable
natural resources. From an ideological point of view,
the revolution should protect the environment and
all development should be sustainable. Consistent
with that ideology, the socialist constitution of 1976
explicitly endorsed the protection of soils and water
resources as well as the atmosphere.

Then, following the same line of thought, in 1983
the socialist Government enacted the Environmental
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Protection and Rational Use of Natural Resources
Act. After passing this law, there was an avalanche of
mandatory regulations that had to be enforced. Dur-
ing this period, the schools devoted significant efforts
to study ecology and natural resources management
and a great number of environmentalists were
formed.

However, these laws and regulations could not be ef-
ficiently implemented, since the decision making in
the communist society occurs at the highest level of
the government. The environmental professionals
did not really have the option to assess the environ-
mental impacts and introduce preventive measures.
They were consulted on how to minimize impacts
once the negative consequences were already out of
control. Therefore, many of the more serious profes-
sionals made efforts to avoid participating on the
evaluations councils. In that way the arrogance of the
Cuban administration completely neutralized all po-
tential benefits from the environmental framework
previously discussed.

This environmental mismanagement became more
critical as Cuba lost the favorable trading terms and
subsidies from the Soviet Bloc countries, after the
collapse of the former Soviet Union. Particularly im-
portant was the loss of the oil subsidy, which stopped
after 1989.

In 1994, Cuba promulgated Law 147 granting au-
thority to the newly created Ministry of Science,
Technology and Environment to direct and control
the development of policies to protect the environ-
ment and provide for the rational use of resources for
the sustainable development of the country. Other
ministries, including agriculture, sugar, industry, in-
ternational trade, energy and mining, also have an in-
terest in how their sphere of influence may perform
against national environmental parameters. Beneath
the ministries are several agencies, most importantly,
the Environmental Agency, that are involved in the
day to day administration of environmental con-
cerns. Several institutes (dealing with Ecology, Geog-
raphy and Oceanography), as well as academic and
research institutions, are involved in environmental
assessments, technologies and planning.
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Although economic and environmental concerns are
increasingly addressed at the higher levels of the Cu-
ban government, it is unfortunate that decision mak-
ing has usually been ad hoc and in the absence of
strong assessment tools and policy. The initial re-
sponse of the Cuban government in 1990 to fuel
shortages was to try and use indigenous reserves or al-
ternatives to fossil fuels. With the economy in tatters
by 1995, Cuba’s dependence on fossil fuels became
apparent. If Cuba does not use imported goods and
services from outside to amplify the country’s envi-
ronmental resource base, it will continue to fall be-
hind and living conditions will continue to deterio-
rate. However, at the same time, development should
be scaled to the local conditions so as not to overload
the natural systems on which the country depends.

Overall, environmental decisions are still very cen-
tralized (in Havana), with only some provincial uni-
versities and research stations concerned with envi-
ronmental studies outside of the capital. In spite of
abundance of academically trained scientific and en-
vironmental professionals in Cuba, it is the Central
Committee of the Communist Party that directs
overall environmental policy. To the Party, these
concerns are secondary to the economic, trade and
development ones. In addition, the armed forces
must approve all major plans for use of the country’s
natural resources including forestry, coastal areas, wa-
ter and infrastructure. The result is fractured decision
making with a tendency to override sound environ-
mental policy initiatives because of perceived short-
term economic imperatives.

In spite of some improvements since 1994, Cuba’s
environmental legislation — as it currently exists —
is inappropriate to deal with many of the negative
impacts from land use, large-scale development, re-
structuring of the infrastructure and foreign invest-
ment. The main source of new policy has been the
inclusion of recommendations from international
conventions such as Agenda 21.3 International envi-
ronmental standards have been adopted by Cuban
institutions usually after the ratification of interna-
tional law in Cuban legislation. Cuba is a signatory
to all major international environmental conventions
including: the Global Environment Conventions
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(the Stockholm Convention and the Rio Conven-
tion), the United Nations Convention on the Law of
the Sea (UNCLOS III), Bonn Convention (Global
Warming), Basel Convention (Control of Hazardous
Substances), CITES (Convention on International
Trade in Endangered Species of Wild Fauna and Flo-

ra), etc.

While many of the recommendations contained
within these conventions are sound, they are very
general, and must be modified for use with empirical
data from the environment in which they are to be
applied. The limited and somewhat vague policies
and inadequate legal structure for the development of
Cuba’s natural resources was apparent at the January
2000 conference in Havana. Cuban environmental
law should be based on the recognition that increas-
ing population, industrialization and urbanization
place growing pressures on the limited assimilative
capacity of the environment, and on the finite stock
of natural resources.

Cuban environmental institutions in the future
should be dedicated to this task and charged with the
responsibility to safeguard and improve the quality of
the environment, both nationally and in a global
context, and at the same time to promote economic
development within the reach of the national econo-
my. The following key endeavors should be under-
taken:

1. Development of proper environmental policy
and legislation for the protection and progressive
improvement of the environment. In order to
achieve this, policy efforts should be directed to
control the main polluter — the Cuban govern-
ment, which controls most of the country’s re-
sources. Changes to the current system will re-
quire greater institutional strengthening and
legislation as it contains no mechanisms for con-
flict resolution, enforcement of non-govern-
ment entities and quantitative project analysis.
The Cuban Agency for the Environment will

need in the future to develop real enforcement
capabilities.

The improvement of the environment should re-
flect and promote a new approach to economic
growth that will take into account all compo-
nents of the quality of life and not only the
quantity of resources spent or even the goods
produced. Therefore, economic and social devel-
opment policies must be pursued in close con-
nection with sound environmental policies, in
order to ensure a balanced contribution to the
improvement of human well-being.

The development, extraction, transportation,
storage, use of energy and related waste disposal
from existing and new sources as well as of other
scarce resources, should take place under condi-
tions that safeguard environmental values. When
feasible, energy should be imported rather than
produced locally. The Cuban economy is depen-
dent on imports. Evaluation of Cuba’s economy
in 1989 showed that around 60% of its real
wealth was imported as oil. In 1990, the initial
response of the Cuban government to fuel short-
ages was to try and use indigenous reserves or al-
ternatives to fossil fuels. This policy may not be
sound as indigenous reserves are of poor quality,
costly to mine and environmentally unfriendly.
Most known fossil fuel reserves are on Cuba’s
environmentally sensitive northern continental

shelf. Use of these reserves has failed to make up
the shortfall.

The Government should actively seek to protect
the environment by encouraging the promotion
of non-polluting technologies, conservation of
energy and other scarce resources, intensified ef-
forts to recycle materials, and the development
of substitutes for scarce or environmentally
harmful substances. These technologies should
be identified in the project cycle. Cuba was
forced to implement recycling technologies in
the 1990s as cost saving initiatives brought on by

3. Agenda 21 is the consolidated position of the Latin American countries to the Global Convention on the Environment of Rio de j-

neiro, the Rio Convention.
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lack of foreign exchange to buy replacement
products. The reverse side of this is the lack of
technology, equipment and fuel to undertake ad-
equate solid waste collection, recycling and dis-
posal. Analysis into better systems to reuse and
dispose of solid wastes are required.

The Cuban Government should promote obser-
vance of the “Polluter-Pays Principle” to encour-
age environmental protection and to avoid inter-
national economic distortions, and where
desirable encourage the harmonization of envi-
ronmental policies. The Polluter-Pays Principle
can be used as the basis of funding environmen-

tal projects.

Comprehensive environmental planning, includ-
ing for land use, should constitute an important
element of government policy. The first step in
developing empirical subjectivity in Cuba’s de-
velopment policy is to undertake a complete
analysis of the entire Cuban economy and its re-
source base. In 1999, a project to update the geo-
logical/land use maps of Cuba was undertaken.
It lacks, however, the ecosystem classification for
management. Although GIS capability does exist
in Cuba, most institutions rely on outdated, So-
viet-era cartography. In the future, this should be
undertaken using high resolution satellite imag-
ery digitized and classified according to ecosys-
tem function. Institutions that may undertake in
the compilations of GIS information include the
Geography Institute, with input from the Insti-
tutes of Hydrogeology, Ecology and Oceanogra-
phy. Classifying by ecosystem defines an ecosys-
tem type according to its dominant sources of
energy. This may be the most appropriate ap-
proach for classifying the system as a whole for
sustainability because ecosystems develop their
prominent characteristics as part of self organiza-
tion to maximize use of all sources and storages.
Sound land use policy can only follow if first
class land use data are provided. Future environ-
mental standards applicable to Cuba may follow
these initiatives.

Systematic assessment of environmental impacts
of existing and new economic activities. In order

to prevent future environmental deterioration,
prior assessment of the environmental conse-
quences of significant public and private activi-
ties should be an essential element of policies ap-
plied at the national, regional and local levels.
Environmental assessments should be undertak-
en as a comprehensive tool useful in properly
scaling developments to prevailing environmen-
tal conditions. Results from these assessments
will be useful for the development of policies for
improving economic vitality and make better use
of the environment in order to further Cuba’s
human and environmental prosperity.

8. Continued attention should be given to the envi-
ronmental education, ratification and implemen-
tation of international conventions for the pro-
tection and conservation of the environment and
to the development of new conventions.

IMPACTS ON SPECIFIC AREAS

This section is an effort to illustrate how the current
mismanagement of Cuban resources and the lack of
democratic institutions have impacted critical and
valuable resources along the entire geography of the
Cuban archipelago. Furthermore, potential areas of
concern are discussed.

Tourism

Tourism is Cuba’s fastest growing industry and a vi-
tal source of foreign exchange with which to buy
goods and services internationally. Tourism increased
dramatically in the 1990s because of new policies and
because of Cuba’s attractive culture and relatively in-
tact natural systems (coral reefs, coastal and high di-
versity forest areas). These attributes create a positive
image and attract visitors seeking a pristine environ-
ment that is not overloaded by tourism development.
At the same time, tourism connected the most pris-
tine forest and reef areas in Cuba with the world
economy. In addition, diversion of resources for high
intensity (luxury) tourism has led to considerable so-
cial and economic disruption.

The local resources that may be impacted by tourism
include potable water supplies, waste disposal, solid
waste systems, loss of wilderness areas, and excess
loading on energy, food and transportation systems.
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The pattern emerging in areas of high tourist use
such as Varadero (Matanzas), Ciénaga de Zapata
(Matanzas), Guarda la Vaca (Holguin), Vinales (Pi-
nar del Rio), Cayo Largo (Havana) and Cayo Coco
(Ciego de Avila), are similar to elsewhere in the Car-
ibbean, i.e.:

* Environmental impacts from the operation of
the resort complexes are greatest when developed
in ecologically sensitive areas.

*  The greater the intensity of the tourism develop-
ment and foreign involvement, the greater the
potential to disrupt local ecological and econom-
ic systems.

Albeit ineffectively, tourism concerns have caught
the attention of the Central Committee of the Cu-
ban Communist Party as well as of the scientific/en-
gineering community because of its economic impor-
tance and also because of the disruption it can cause
to ecological and social systems. With any develop-
ment, the local environment may see declines in pro-
ductivity, an increase in pollutant loads and conver-
sion of wilderness areas. The local population has
found itself excluded from traditional fishing and
recreational areas.

The tourism center of Varadero, in particular, is close
to offshore oil platforms and the recent downturn in
tourism to this part of the country may be partially
attributed to the negative impacts of oil spills on its
beaches. As investment in tourism in the past decade
was rarely carefully planned, negative impacts will
decrease the destinations’” appeal. As was anticipated
in a 1995 study, tourism numbers for the most re-
cent years have been less than anticipated.

In sensitive coastal areas, coral reefs have been nega-
tively impacted by nutrient loading,* marina and in-
frastructure development and the decline in the pop-
ulation of the most desirable marine species because
of demand by tourists.

In sum, a great deal of the capital from Cuba’s tour-
ism development goes into the necessary purchase of
fossil fuels. Saving of fossil fuel can be made in some
areas by using ecological engineering approaches to
waste water disposal including recycling of wastewa-
ter through wetland systems, and solar driven lime-
stone settling pools close to beach side hotels.

Almost no resources or attention is currently devoted
to careful selection of new construction sites, the
state of existing infrastructure such as local water
supplies, transportation, or waste disposal capabili-
ties. Typically development does not take in consid-
eration the regional economy, or the potential role of
the local population. In the medium and long term
this lack of planning and social and environmental
consideration may cause the failure of those invest-
ments and the perpetuation of poverty within the
Cuban frontiers.

SURFACE WATER RESOURCES—
RIVERS AND WETLANDS

Because of its geography, most river systems in Cuba
are relatively short. Because of the porous nature of
the karst geology® they are non existent in some parts
of the country (i e, Pinar del Rio). Rivers and
streams within urban areas are reported to be almost
all heavily polluted. For example, Rio Almendares in
Havana is heavily polluted with nutrient loads; a nat-
ural wetland recycling system is being proposed as
part of a woodland restoration design for the head-
waters of this river.

Because of the large quantity of wastewater in urban
areas, improvements to processing may require re-en-
gineering and the use of modern water treatment sys-
tems. A complete revision of the cities wastewater
treatment systems is long overdue. Among other rea-
sons because no immediate solution is apparent due
to the critical economic situation.

Cuba’s most important wetland area is the Ciénaga
de Zapata in Matanzas province. Other smaller saw-

4. Nutrient loading refers to the increased levels of nutrients such as nitrogen and phosphorus coming from point and non point sour-
ces that are normally conducive to the deterioration of water quality and the quality of the aquatic ecosystems.

5. Karst geology is that dominated by dissolution of limestone.
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grass dominated wetland areas are found on the
south coast. Important mangrove areas are found all
around the Cuban archipelago and include all four
Caribbean species. In the areas of karst geology there
are many lagoons and lakes. In many ways it is simi-
lar to the Florida Everglades, with similar environ-
mental problems including the invasion of exotic
species.

Changes to the hydrological cycle because of peat
mining for fuel and earlier earthworks diverted water
for rice and sugar production is manifest in these
changes of wetland floral species. For example the ex-
pansion of Casuarina sp and other exotic species and
the succession of saw-grass to cattail (7hyfa sp) due to
increased nutrient loads. Examples of exotic fauna in-
clude species of deer and mongoose.

Some initiatives are being made to restore the origi-
nal hydrological cycle for this important wetland area
as it represents important concentrations of bio-mass

for highly migratory bird species.

Another example of environmental mismanagement
that severely impacted water resources is the Havana
South Dike. This 70 km dike made mainly out of
clay material, was built with the purpose of increas-
ing the level of ground water recharge to improve the
potential pumping from this critical water source and
to reverse the saline intrusion trend affecting the
aquifer. Although the measure has been partially suc-
cessful, similar benefit could have been achieved at a
fraction of the economic and ecological costs. Literal-
ly the dike has destroyed the ecological balance of the
region including: flooding of valuable lowland areas
with seawater, loss of a strip of mangrove swamps
that protected the coast, increased erosion, and loss
of valuable fertile soil resources, which are now car-
ried in the form of sediment to the ocean. There they
will interfere with light penetration and induce coral
mortality due to reduced productivity and direct suf-
focation.

Elsewhere, smaller wetland areas and streams have
been modified and dammed into permanent lakes.
Mangrove areas in Cuba are protected although cut-
ting continues for charcoal and in Pinar del Rio,
large areas are being cleared for marina development.
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The important position that wetland areas occupy in
the landscape with regard to its energy signature
needs to be appreciated in Cuba. This energy signa-
ture means that wetlands are concentrated areas of
high production and capable of making large and
free economic contribution for food production,
waste assimilation, recreation, aesthetics and biodi-
versity.

Wetlands in Cuba provide important opportunities
to increase food production and possible low cost
disposal of wastewater. The use of wetlands for waste
water treatment and recycle has caught the attention
of Cuban environmental and tourism officials be-
cause of:

*  The low cost of construction and operation.
*  Low use of fossil fuels and capital expenditure.
*  Flexible nature in isolated parts of the country.

Groundwater Resources

Another well documented phenomenon in the Cu-
ban professional literature and in journalistic ac-
counts, and validated in recent years by defectors
with backgrounds in agronomy and hydrology, is the
growing salinization of many of the country’s major
aquifers. This contamination is occurring along
coastal and other areas, as well as the contamination
of others. Various factors have contributed to this
state of affairs, including over-pumping of under-
ground water stores and the damming of many of the
country’s rivers and streams.

Beginning in the early 1960s the country saw a major
expansion in the land area devoted to water stores,
primarily but not exclusively, to expand the acreage
under irrigation. Large-scale interference with the ec-
osystem has resulted in major disruptions of natural
water flows, by allowing seawater to filtrate inland
and preventing aquifer recharge. Large-scale irriga-
tion projects unaccompanied by the development of
an effective drainage infrastructure are also to be
blamed for the salinization of many of the country’s
soils. Restoring the fertility of the damaged soils will
take years. Wholesale discharges of contaminants by
agriculture and industry and the severe and growing
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deterioration of the urban sanitary infrastructure
have produced further damage.

Coastal and Marine Resources

Near Havana, the coastal areas have been negatively
impacted by development and cutting of strand and
wetland vegetation. Havana Bay is heavily polluted
from direct wastewater disposal, dumping and oil
pollution. Water within the Bay has a high retention
time and the sediments undoubtedly contain high
levels of organic and metal contaminants. Metal con-
tamination is originated by industry (paint, chemical
processing, oil spills and run-off from roads). Swim-
ming is banned near the downtown areas of Havana
and tropical fish poisoning (ciguartoxin) is common-
place. Others coastal towns, Santiago, Guantdnamo
and Manzanillo are reported to have similar prob-
lems to Havana harbor.

Mining Areas

The principal minerals in Cuba include nickel, cop-
per, and iron. Mining occurs in the Eastern high-
lands areas of Cuba and has a negative impact on the
wet dry forest areas covering serpentine and olivine
igneous rocks. At present the areas are reforested after
use, mainly with pine species plantings.

Alternatively, impacted areas may be reforested using
ecological engineering approach, i.e. using the natu-
ral vegetation that is adapted to the high metal con-
tent of the soils. The seeds of this unique vegetation
is contained within the soils and can be re-spread
over mined areas if the soil is removed and stored be-
fore the mining begins.

Cuba’s trade policy for nickel and other minerals
needs re-evaluation. Heavy metals such as nickel have
high value because of their concentration, and con-
tribute much to the economy. Cuban policy may be
better off mining this material more rationally and
using it indigenously to make batteries and other
products for export and domestic use rather than ex-
porting the raw material.

Sugar Production

An evaluation of the sugar industry conducted in
1994 showed that Cuba’s principal export is costly to
produce (uses lots of resources like soil, water, fossil
fuels, fertilizer, and human labor) and has a low value

in the world market. With sugar harvests declining in
recent years, some areas have been allowed to revert
to a secondary forest, for pasture, and close to urban
areas for vegetable production.

Environmental impacts from sugar production in-
clude extensive loss of low land forest, which has
been cleared all across the country for this purpose;
high use of phosphates and other fertilizers; negative
impact to water resources during sugar refining; and
diversion of important and limited resources for a
crop of low international market value. Cuba may be
better off reducing its emphasis on sugar production
for export and using the resources dedicated to this
production to grow food for local consumption and
export or by replanting degraded areas with forests to
restore soils and the hydrological cycle.

Soil Resources

The deterioration of the country’s soils responds to a
variety of reasons, many of them associated with the
capital intensive agricultural development approach
pursued by Cuba from the early 1960s up to the late
1980s. This development strategy rested on the orga-
nization of production in vast agricultural holdings,
high levels of mechanization, reliance on chemical
inputs, and a major expansion in irrigation.

Compounding the detrimental impact of this devel-
opment approach were the inherent flaws associated
with the nature of socialist management practices
generally and in agriculture in particular. In Cuba
and elsewhere in the socialist world, production di-
rectives issued by central planners were often oblivi-
ous to local circumstances, while farm managers were
rewarded for their compliance with those directives,
rather than for decentralized initiatives more likely to
result in improved production outcomes with more
benign environmental impacts.

As a result, by the late 1990s, 60% of the arable lands
are affected by erosion, with 25% of those in the
strong severe erosion categories. Other important
degradation processes include poor drainage, saliniza-
tion, acidification, and compaction. The areas affect-
ed by this process are as follows:

*  close to 4.2 million hectares by erosion;
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* 2.5 million hectares were suffering from various
degrees of soil compaction;

* salinization was a problem in 0.8 million hect-
ares;

* acidification was a problem in 1.3 million hect-
ares; and

*  poor drainage affected 2.7 million hectares.

An extreme case is the southern plain in Pinar del
Rio, where land is now considered to be unproduc-
tive due to excessive use without proper soil manage-
ment required for its naturally low fertility. Cattle
ranges have also been severely affected with a notori-
ous decline in soil nutrients and increasing soil acidi-
ty. Many scientists consider the deterioration of soil
resources as the worst environmental problem in Cu-

ba.

Forest Ecosystems

Because of the diverse geology of Cuba, its location
and other geographical features, Cuban forests have
high diversity in relation to the size of the country,
particularly in the highland areas of Eastern Cuba
(high endemism and biodiversity). Several nature re-
serves and protected areas are found here.

Some areas of upland old growth forest still have
populations of the ivory-billed woodpecker — a spe-
cies now extinct in the United States. Several projects
proposed to produce energy from hydro-electricity in
these mountainous areas were delayed in the 1990s
because of economic limitations rather than environ-
mental concerns. In Western Cuba, the secondary
growth areas in the Havana province are character-
ized by low diversity and arrested succession due to
the large distances to natural seed areas necessary for
high diversity succession.

One major initiative of the government from the
1960s was the reforestation of cleared mountain areas
across the country. Some areas have been planted
with fast growing but relatively low value pine species
such as Pinus caribea. Although this is preferable to
leaving areas without cover, more reforestation using
natural succession or enrichment with high value na-
tive species is required to increase the value of these
forests from an economic and ecological perspective.
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Hazardous Materials

The most important considerations in terms of the
risks posed by the handling and management of haz-
ardous materials in Cuba is associated with the con-
struction of the Juragud nuclear power plant (NPP)
in Cienfuegos, with Russian technology and stan-
dards. The plant may be regarded as the most impor-
tant endeavor of the Cuban Nuclear Program, which
began in the late 1960s.

The agreement between the former Soviet Union
and Cuba for construction of the Jaragud plant oc-
curred in 1976, and its construction began in 1983.
Plans included the development of two 440-mega-
watt nuclear power reactors. The site is located in the
Province of Cienfuegos, on the south central coast of
Cuba, about 288 km south of Key West, Florida.
The two reactors at Juragud are the most advanced
model (V318) of the Soviet-designed VVER-440 se-

ries of pressurized water reactors.

Concerns for the United States derive from potential
malfunction of the Cuban reactors, which could lead
to a radioactive fallout in the Southern United States,
reaching as far west as Texas, or north as far as Wash-
ington, D.C. According to air weather patterns
around Cienfuegos, it would take only 24 hours for
radioactive materials to reach Southern Florida and
approximately 48 hours to reach the Eastern United
States. Therefore, as many as 80 million Americans
could be exposed to a virtually deadly radioactive
cloud. The alarm with respect to the Juragud NPP is
not only for the United States. Cuba, Caribbean and
Central America countries; Colombia, Venezuela,
Brazil and Mexico are also highly concerned.

Sub-standard technology and inadequate safety mea-
sures have been included in the design and the con-
struction process of the Juragud NPP. Among the de-
sign defects of the Soviet VVER-440 Pressurized
Water Reactors is the containment dome, which was
designed to withstand only 14% of the pressure re-
quired by U.S. standards. The construction process is
even worse than the design. Perhaps as many as 60
percent of the soviet-made parts in the Juragud reac-
tors are defective, according to estimates.
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Furthermore, nearly all of the reactor parts, exclud-
ing the materials for civil construction, such as con-
crete, were supplied by the Soviet Union under mu-
tual  economic  collaboration  arrangements.
Breakdown of the Soviet Bloc led to the suspension
of the reactors’ construction in September, 1992.
When construction was discontinued, critical com-
ponents of the nuclear reactors, including the reactor
vessel, six steam generators, five main coolant pumps,
12 isolation valves and other essential equipment
were left exposed for more than six years to highly
corrosive salt air and rain, thus increasing the risk of

severe damage. Their quality and safety are question-

able.
Other potential flaws are related to:

* the feeble emergency core cooling mechanism,
which would be used to prevent a meltdown of
the nuclear fuel and its vicinity;

e the emergency cooling system, which has no

backup;

* the reactor protection systems and diagnosis,
which are insufficient;

* the control rod insertion system; and

 the design of the electrical and emergency power
supply.

The possibility of an accident occurring at Juragud
upon its operation, according to experts, is 15 per-
cent. According to international standards the proba-
bility of an accident at nuclear facilities should be less
than one percent, and therefore the Juragud NPP
should not be completed, at least not without signifi-
cant safety improvements. Additional safety concerns
are posed by the fact that the Cuban nuclear program
lost its fundamental base after the disintegration of
the former Soviet Union, and the lack of a proper
nuclear safety culture in Cuba.

The geological situation at Juragud NPP site is also a
risk. U.S. federal officials believe that the reactors rest
on an active earthquake fault line. A relatively small
tremor could have large consequences.

Furthermore, if concluded, the Cuban NPP, will
produce radioactive wastes, which will pose an addi-

tional threat to the radioactive waste management.
Around 1.4 metric tons of radioactive wastes are pro-
duced by a standard nuclear fission plant in one year.
Other nuclear wastes, originating from the nuclear
research centers, hospitals, food irradiation plants
and other Cuban nuclear facilities, represent added
risk to the Cuban population and environment.

THE NATURE OF THE WORK AHEAD

The environmental effort required to promote vigor-
ous and sustainable development in Cuba may be en-
visioned as a Comprehensive National Environmen-
tal Program, with at least the following components:

*  conduct a comprehensive environmental diagno-
sis;

* analyze and adjust legal and institutional policy;

* provide support to improve water supply and
sanitation in small to mid size towns;

* implement an action plan for coastal and marine
management and conservation;

* establish a national watershed management ini-
tiative;

* facilitate efforts for the national management
and conservation of biological diversity and cul-
tural heritage;

* procure environmental improvement of living
conditions in the Metropolitan Havana area;

* implement an environmental education aware-
ness campaign; and

* program a series of transitional planning work-

shops.

A brief description of each one of these components
follows, including a preliminary rationale for costing.
The environmental program outlined herein repre-
sents an investment of over $236M (see Table 1
above) which will contribute to fuel the Cuban econ-
omy during the initial years of its re-insertion into
the world economy. But most importantly, it will
provide the bases for the establishment of an effective
environmental management system in Cuba.
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Comprehensive Environmental Diagnosis
Description of general environmental conditions and
problems in this document is based on reference ma-
terial and it serves well for illustration purpose. How-
ever, the basis for a complete environmental program
in Cuba must be broadened and established on scien-
tific evidence. In essence the diagnosis will include an
environmental base line study of Cuba that could be
used for several purposes in the future.

The main report from this effort will be the first state
of the Comprehensive Natural Environment Pro-
gram that will be prepared as a routine output of the
environmental management system that must be es-
tablished. The information contained in this report
will provide the basis for future environmental plan-
ning and serve as a point of departure for comparison
and assessment of specific intervention for economic
development and growth and for improving environ-
mental conditions and restoring the rates of renewal
of natural resources.

The effort should be carried out over a three-year pe-
riod and should produce intermediate reports on spe-
cific topics or regions where additional efforts are re-
properly
conditions. These intermediate reports will have the

quired to characterize the current
form of Terms of Reference for additional work to be
performed in a collaborative approach between Cu-
ban and foreign engineers, environmental, and social
scientists. The general format for these additional
studies should follow the Strategic Environmental
Assessment Format that has been developed by inter-
national funding organizations under the leadership

of the World Bank.

Strategic environmental assessments should be im-
plemented for the most important economic sectors
as well as critical geographic regions within the coun-
try. World Bank guidelines should also be used as a
point of comparison to establish the seriousness of
the problem encountered and the need for remedia-
tion work.

Expected Results: The expected results from this
effort should include at least the following:

* a main report following the format of a national
environmental profile;
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* strategic sectorial environmental assessments of
the Cuban economy listed below. Emphasis in
this case should be made on the establishment of
existing environmental liabilities:

— sugar cane production and industrialization;
— coffee production and industrialization;

— tourismy;

— mining industry ;

— food processing and packing industry;

— textile industry;

— metallurgy;

— nuclear program;

— ports and harbors

* strategic critical regional environmental assess-
ment of Cuba to include at least the areas men-
tioned below. In this case the emphasis should be
placed on the identification of key obstacles for
sustainable development and recommendations
to overcome them effectively and efficiently:

— Western Provinces: Pinar del Rio, Havana
and Matanzas;

— Southern Coastal Areas: Isla de la Juventud
and Cayo Largo, Jardines de la Reina and the
Gulf of Guacanayabo;

— Northern Coastal Areas; Archipelagos of Sa-
bana and Camagiiey; and

— Eastern Provinces: Guantdnamo, Holguin,
and Santiago de Cuba.

Estimated Costs: $6M. Costs are based on an esti-
mated effort of three years in order to complete both
the environmental profile report as well as the strate-
gic environmental assessment reports. The costs are
mainly associated with personal services for both Cu-
ban ($1.4M) and expatriate specialists ($2.5M). Ad-
ditional costs include travel, lodging, meals and inci-
dental expenses ($600K); sample collection and
laboratory analysis ($1.0M) report preparation and
distribution ($500K).

Institutional, Legal and Policy Analysis
The basis of future environmental law in Cuba will
require the adoption of principles of strict liability for

environmental damage along the lines envisaged in

the UNCED Conventions of the last decade.
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A legal system with appropriate reforms in the bur-
den of proof and conflict resolution mechanisms can
be summarized as “The Polluter-Pays Principle.” This
principle started out as an economic incentive that
has become a cornerstone of environmental law. A le-
gal system with strict liability can be developed with
the Polluter-Pays Principle so that the polluter bears
the costs of pollution and control measures.

Reforms to Cuban environmental law requires that
liability be placed on the polluter and to alleviate the
economic burden on the state. The principle is not
exclusively designed to punish polluters but to set ap-
propriate signals in place in the economic systems so
that the environmental costs are incorporated in the
decision-making process so as to promote sustainable
development in Cuba.

As a result of this analysis it is anticipated that an in-
stitutional strengthening and legislation support
project will be designed. The purpose of this project
should be to promote efficient environmental man-
agement in Cuba by strengthening the legal and in-
stitutional framework at the national, provincial and
municipal levels. The main objectives of this project
are anticipated to include the following:

*  promote the implementation of policy and strat-
egies through proposals for additional legislation,
reforms in existing legislation, as well as supple-
mentary rules and regulations;

* support the framing of a national environmental
policy;

* lay the foundation for a national environmental
system; and

* strengthen the technical and operating capacity
of the executing national agency and of the agen-
cies responsible for the environment at the na-
tional and provincial levels.

The typical activities that will be implemented under
this project may include the following:

* establish demonstration programs for the pre-
vention and control of environmental deteriora-
tion, to be applied at the level of specific prov-
inces in the area of environmental monitoring,

sustainable development of tourism, develop-
ment of institutional structures for watershed
management, and control of industrial pollu-
tion;

* support the national environmental system, in-
cluding technical assistance in the areas of policy,
legislation, institutional strengthening, educa-
tion and environmental information; and

* finance the preparation of other environmental
projects.

Estimated costs: Costs for this initiative are estimat-
ed to be approximately $17.5M for a period of about
5 years. Roughly $1.5M is estimated for the design of
the project and $16M for its implementation.

Water Supply and Sanitation
Since another proposed initiative focuses on the
broader environmental problems around the City of
Havana, other beneficiaries of this effort shall be the
mid and small towns of the interior. The basic objec-
tives of this effort shall include:

* improve living conditions in towns with 5,000
to 50,000 inhabitants by increasing water supply
and sanitation services; and

* support the utilities that provide water supply
and sanitation services to maintain and enhance
their administrative, financial and operating
mechanisms, as well as the agency responsible for
sector planning, policy-setting and regulation.

Estimated Cost: The project shall include the fol-

lowing components, with an estimated cost of

$125M.

*  consultant services to prepare studies and designs
for projects, update national water supply stan-
dards, conduct environmental control of projects
and compile data for future program evaluations

($12M);

* supervision of construction work, program exe-
cution and contract administration to be carried
out by the executing agency ($2.5M);

* multiple works, including construction or ex-
pansion of water supply, sanitary sewerage, or in-
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dividual sanitation systems, including sewage
and sludge treatment ($100M);

* technical support and training, institutional
strengthening of the utilities providing services
and of the agency responsible for sector plan-
ning, policy-setting and regulation ($10.5M).

Coastal and Marine Management
and Conservation

The main objectives of this effort shall include the
development of a national integrated Coastal Zone
Management Program including the design and im-
plementation of the institutional reforms necessary
for successful execution of the proposed activities.
Some specific objectives of this effort include:

e carry out diagnostic studies, and develop a
Coastal Zone Management Plan for the Cuban
coasts and develop community participation and
demonstration projects in coastal zone manage-
ment;

* conduct institutional strengthening activities
such as the preparation of an income-generating
strategy for coastal management, legal and regu-
latory reforms;

* cstablish a Geographic Information System
(GIS), professional training in coastal manage-
ment, public awareness and education activities,
and the upgrading of environmental laboratory
analysis services in support of coastal zone man-
agement; and

* design a nationwide investment program and
make an assessment of its socio-economic, insti-
tutional, financial, legal and environmental feasi-
bility, including cost recovery mechanisms for
the investments.

Estimated Costs: Costs are anticipated to run in the
order of $22M including: $2.2M for project design
and related feasibility studies; $6.5M for technical as-
sistance and training for project implementation;
$11M for vehicles (both terrestrial and aquatic) and
equipment for enforcement and control) and $2.3M
for quality control and evaluation
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National Watershed Management

The overall objective of this effort shall be to improve
the environmental quality of the Cuban watersheds
by reducing pollution and preserving its natural re-
sources. Specific objectives may include:

* monitor and reduce industrial pollution;

* implement soil conservation practices and im-
prove the management of toxic agricultural
chemicals in priority watersheds;

* support the consolidation of conservation units;

* set up educational programs on environmental
issues; and

* strengthen the environmental management ca-
pacity of state institutions.

In order to achieve these objectives, actions will be
taken to:

*  expand the coverage of sewage systems and treat-
ment plants in rural and urban areas;

*  control pollution in major rivers and its tributar-
ies;

* implement a rural extension program that targets
soil management, reforestation and pollution
control;

* strengthen the infrastructure of selected conser-
vation units;

* implement a pilot environmental education pro-
gram for medium size cities and draw up an en-
vironmental education plan for the country; and

* provide institutional strengthening for partici-
pating agencies.

Estimated Costs: The cost for execution of this
component has been estimated to run in the order of
$27M during a period of 5 years. These costs include
an estimated 5% for the design and preparation of
several feasibility studies.

National Management and Conservation of
Biological Diversity and Cultural Heritage

The objective of this effort shall be to protect the ar-
chaeological sites and ecosystem of the Cuban archi-
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pelago. The project shall consist of the following
components:

* conservation and documentation of archaeologi-
cal sites;

* basic protection, infrastructure and mainte-
nance works, including construction of entrances
and control structures to selected parks, rehabili-
tation and maintenance of parkways providing
access to pre-colonial and colonial sites and ob-
servation points;

e works to minimize erosion, and rehabilitation
and/or establishment of water reservoirs; and

* support actions, including strengthening of the
executing agency’s business and marketing man-
agement, educational training for the surround-
ing communities, and promotion of artisan ac-
tivities.

Estimated Costs: Costs for this component are esti-

mated to be $12M to include:

* specialized assistance in restoration and identifi-
cation of causes of deterioration;

* supervision of construction and other engineer-
ing works;

* strengthening of the executing agency’s manage-
ment ability for the preparation of management
and marketing plans;

* specialized assistance for the elaboration and
publication of educational materials, teacher
training, and artisan production;

* construction equipment and materials for con-
servation;

* computerized video technology;

*  materials for drainage and water protection;
* vehicles; and

* educational equipment and materials.

Environmental Improvement of Metropolitan
Havana Area

The objective of this effort is to make a sustainable
improvement in the quality of life in the City of Ha-

vana Metropolitan Area. The specific objectives shall
include:

* improve metropolitan management of environ-
mental services by encouraging private sector
and community involvement;

* improve the quality and coverage of environ-
mental services, thus reducing the environmental
degradation caused by improper solid and liquid
waste collection and disposal;

*  provide technical assistance, training, equipment
and specialized tools in the areas of municipal
management modernization, and environmental
public services modernization;

* strengthen environmental monitoring and con-
trol capacity;

* introduce new solid waste collection systems that
involve the private sector, micro-entrepreneurial
and community collection systems;

* introduce systems to sort, process and dispose of
solid wastes collected from throughout the met-
ropolitan area, including the establishment of
sorting and composting plants and sanitary land-

fills;

* develop a master plan for conveying and treating
sewage, including treatment plants;

* introduce sewage collection and treatment alter-
natives (septic tanks) in priority areas; and

* manage green spaces to finance investments in
reforestation, forest rehabilitation and manage-
ment of priority green spaces, including refores-
tation and improving the Bosque de la Habana

Estimated Costs: Costs have been roughly estimated
in $23M, to include:

* the design for the solid waste component, the
sewage component and the green spaces compo-
nent;

* advisory services and works supervision;

* training for solid waste collectors;
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e institutional reforms for the water and sewer de-
partment;

e technical assistance in administrative and finan-
cial matters;

*  programs to monitor services;
 industrial pollution studies;

*  purchase of waste sorting units, solid waste col-
lection vehicles, and equipment for treatment
plants; and

* civil works to recondition and build sewage
treatment plants, septic tanks and sanitary land-

fills.

Environmental Education

and Awareness Campaign

Environmental education is not a well developed part
of the current general curriculum in Cuba. Greatest
improvements could be made through greater em-
phasis at the junior school level. Development of this
curriculum may take one year and require another
two years for implementation. Cuban universities al-
ready produce many teachers with a background in
science and natural history, so further investment in
teacher training may not be very high.

For adults, various environmental documentaries are
currently produced by Cuban television or imported
from overseas. However, the quality could be im-
proved with greater funding and a dedicated environ-
mental/natural history promotion.

Estimated Costs: Costs have been estimated in
$3.5M for an initial three-year effort, after which an
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evaluation should be conducted and adjustments
made to the overall approach as required.

Further Development of the Cuban
Environmental Program

Finally it is proposed that the planning effort be
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